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PREFACE 



In 1923, the first radio communications link employing 
modulation in which the carrier and one sideband had been eliminated was 
established. Since then, the use of this system of transmission has 
grown to a considerable extent. The basic advantages of this 
sj' stem of communications are great. The major problems of 
the system have been overcome, although some problems do remain. 

And, too, there are some definite limitations to the practical 
applications of the system. 

Because the writer believes this system holes much promise 
in the near future, this study of the nature and practical aspects 
of single sideband, suppressed carrier communications has been 
prepared. 

The faculty of the Electrical Engineering Department of 
the United States Naval Postgraduate School has been extremely 
helpful in the preparation of this paper, and to them, the 
writer wishes to express his most sincere appreciation. In 
particular, he desires to thank Professor C. V. 0. Terwilliger, 
chairman of the department, and Frofessor W. C. Smith, without 
whose guidance, assistance and encouragement this paper would 
have been impossible to prepare. 
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CHAPTER I 



WHAT IS SINGLE SIDEBAND SUPPRESSED CARRIER COMMUNICATIONS? 

This paper concerns itself with a type of modulation 
of a radio-frequency carrier wave. Modulation, as is very well 
known, is the process of introducing intelligence into a 
fixed frequency, constant amplitude carrier wave. Several 
methods for accomplishing this end are in general use, each 
having it*s advantages and limitations. A brief discussion 
of the most common modulation methods is in order at this time. 

Three methods of modulation are widely used in radio 
communications. These are amplitude modulation (A.M.), 
frequency modulation (F.M. ), and phase modulation (P.M. ). 

The first, A. M. , is the most commonly used method. All 
radio broadcasting stations in the 5$Q KC to 1700 KC band use 
A.M. Most communications traffic also uses this modulation 
method. In principle and practice, this method of modulation is 
most simple, thus accounting for the widespread use. A.M. 
is usually obtained by superimposing the desired audio signal 
on the plate power supply of a non-linear, radio-frequency 
amplifier. The resultant output from this stage is a signal 
of variable amplitude, which may be represented by the 
equation. 
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in which M is the modulation factor (degree of modulation, 

from 0 to l),^is the signal, or audio frequency, and 

* 

% is the carier frequency. Equation I is derived as 
follows : 

e c - A cos carrier 

e g - B cos ^ s t- modulating signal 

e Q = (l + e s )© c = A(l + B cos«^t) cos«*t. 

It will be noticed that the degree, or percent, of modulation 
is dependent on the value of B. Maximum, or 100% modulation 
will occur when the minimum amplitude of the modulated wave 
is zero. (A greater value of B will result in '* over -modula- 
tion" which produces distortion and spurous ratiation. It is not 
acceptable.) This value will occur when B - 1, so that B may 
have a value from 0 to 1. M, the percent modulation, is 
defined as equal to B, thus 

e„ = A(l*M cos«*»t)cos ^t (Eq. I) 

o s c 

Expanding this equation, 

e = A cos t* c t + 1/2 AM cos (u> -f ^Ot 

^ v O 

+ 1/2 AM cos (^ c - %)t. 



(Eq. II) 



Thus it is seen that an A. U. transmission contains com- 
ponents of three frequencies, the carrier, and the sum and 
difference of the carrier and signal frequencies. These sum 
and difference frequencies are known respectively, as upper 
and lower sidebands. Figure 1 may assist in visualizing 
A. M. 

Frequency modulation is the next most popular method 
of modulation. In the last decade, it has became very popular 
because of certain inherent favorable characteristics. A 
widely used method of obtaining F. M. is the use of a 
"reactance tube" shunting the tank circuit of an oscillator. 
The output may be represented by 

e Q = A sin (^t + 2»4f sin ^ s t) 

^s 

Where ^f is the maximum deviation of the instantaneous 
frequency from the carrier frequency and is determined by 
the peak magnitude of the modulating signal. It is inde- 
pendent of the modulating frequency. The expansion of this 
equation, while at first glance may appear to contain com- 
ponents of only a l imi ted number of frequencies, actually 
contains an infinite number of frequencies, as is seen 
in the expanded equation below. 
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e Q = A ^J Q (m f )sin «-*>t 

+Jl (m f ) [_sin (% + *^)t - sin - ^%)tj 

+J 0 ( m *. ) f sin (t-c> + 2 * </ )t + sin (<o - Zu>)t] 

2 i k cs c s-/ 

+ J 3 (m f ) £sin ( W C + 3 “H - sin (*^ c _ 3%)tJ 

+ J 

where m^ = 2ft4 f /oo = modulating index, and J n (m£) means 

the Bessel function of the first kind and nth order, with 

argument m^. Thus it is seen that the frequency spread 

is wide, indeed. In actual practice, however, the frequency 

spread is approximately ( uo + 4f ) on each side 

s 

of the carrier frequency, with components spaced at frequency 
intervals that are equal to the modulating frequency. 

Phase modulation is similar to frequency modulation in 
many respects. The equations of e Q are the same for phase 
modulation as for frequency modulation. The only difference 
is in the meaning of m, which for phase modulation should 
have a subscript of p. is the angle in radians through 
which the phase is displaced, at the peak of the modulation 
cycle, away from the phase that would exist if there were 
no modulation. 
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This paper is not concerned with frequency or phase 
modulation, and no further mention will be made of them. 
Returning to Eq. II, it is again noted that e 0 consists of 
three components. 'The carrier, of course, contains no in- 
telligence. Each of the sidebands, however, contains all 
of the intelligence. It would seem logical, then, that if only 
the sidebands, or even only one sideband, were transmitted, 
all the intelligence would be contained. The immediate value 
of this type of transmission would be to greatly reduce the 
width of the transmission band for a given range of intelligence 
frequencies. This has many advantages over the other types of 
transmissions which, for certain types of communications, make 
it well worth the practical difficulties encountered in the 
production and reception of this type of transmission. This 
is Single -Sideband, Suppressed Carrier Communications (SSSC). 
Visualization of the waveform of SSSC is somewhat difficult, 
but Figure 2, which illustrates this with an excessively low 
carrier, may assist. Under certain conditions, it is desirable 
to transmit all or part of the carrier. This mode of operation 
will be called Single Sideband With Carrier (SSVfC) , or Single 
Sideband, Reduced Carrier (SSRC). A third possibility is the 
transmission of A.M. with only the carrier suppressed. Trans- 
mission in this manner is possible, and is in use for some 
applications, but involves additional reception problems which 
will be discussed later. 
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This paper will be a discussion of the nature of, 
and practical problems encountered in the transmission 
and reception of SSSC, SSWC, and SSRC. Before going into 
the details of SSSC operation, the necessary enthusiasm may 
be aroused by a quick look at some of the advantages. If a 
pure resistive load is assumed for the transmitter, the power 
output of the transmitter is EqR. For an A.M. signal, 

e Q - A cos w t + AM/2 cos K, + ~ )t 

C C 5 

-f-AM/2 cos ^ )t 

c s 

E o = A 2 * (a M/2) +■ (AM/2) 2 . 

Thus the power output, 

P 0 = (l +(M/2) 2 + (M/2)JRA 2 . 

The power distribution among the three components of the 
A.M. output is: 

Carrier - (1 =5^)100 %/(t + 

Upper Sideband - (M^/U ) 100 % / /(_ / -f 
Lower Sideband - (M^/MlOO^/^-f ^ z ) 

For two values of M, the power distribution is: 





M - 1 


M - .25 


Carrier 




96,8% 


Each Sideband 


!6$% 


1.56% 



As mentioned earlier, overmodulation produces spurous 
frequency emittions. This is not only undesirable, but 
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is also illegal. To reduce the possibility of overmodulation 
on peaks of audio power, the percent modulation is normally 
kept at a much lower value than 100 %. A value of 25$ is normal. 
But at 25$ modulation, the percent useful power is only 1.56$l 
This is only 780 watts useful power out of 50,000 watts trans- 
mitted power.] As one author aptly put it, of this 50,000 
watts of steam being generated, l|8,lt00 watts is being used to 
toot the whistle] 

The greatest improvement in this situation is realized 
by elimination of the carrier. Immediately, the percent power 
in each sideband becomes 5 0 %. This is a feasible method 
of operation and is used to a great degree in wired communica- 
tion systems. As will be explined in the chapter under Reception, 
this method of transmission introduces considerable difficulty 
in reception. Elimination of one sideband in addition to the 
carrier not only raises the percent usable power to 100$, 
but greatly reduces the reception problems introduced by carrier 
suppression. An advantage of even greater importance in many 
applications is the reduction of required frequency by half. 

The available frequency spectrum is not unlimited. With the 
constantly increasing demands for transmission space, some 
method of doubling the available space is not be be viewed 
lightly. For wired communication circuits, the spectrum is 
also limited by the physical constants of the transmission line. 



- 9 - 



The narrower the required band, the larger will be the number 
of messages per circuit. This method of modulation is most 
widely used by telephone companies, as would be expected. 

Another not-too-obvious advantage of this system is the 
savings in transmitter cost. Most high-powered transmitters 
are modulated by plate modulating the final! power amplifier. 

To accomplish this, an audio system is required that delivers 
half the input power to the final power amplifier. For a 
50,000 watt transmitter, this means an audio power of approxi- 
mately 25,000 watts is required. Audio equipment in this 
power classification will be a major item in the overall cost 
of the transmitter. When S3SC is employed, modulation takes 
place in the lowest powered stages. Receiving-type equipment 
may be used for all the audio equipment, thus greatly reducing 
the equipment cost. 

There are other advantages in the use of SSSC, and they 
will be discussed later. 
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CHAPTER II 



SSSC TRANSMISSION 

The problem of generation of SSSC resolves itself into 
separate stages. First is the elimination of the carrier. 

Next is the suppression of one of the sidebands. In some 
circuits, the order of these stages is reversed or even split, 
but the two stages are always distinct. This process may 
be represented by the block diagram of Figure 3* 

The oscillator, or oscillators (as it will be seen 
later, several oscillators may be required) will not be 
discussed at this time except to mention that they must be 
of very stable design. 

The modulator and carrier suppressor is so listed, 
because the use of a single unit of proper type will accomplish 
both requirements. Several types of units are used for 
this purpose. The first, and most commonly used, is the 
balanced modulator. Figure ii is a simplified schematic 
diagram of a balanced modulator. Consideration of this 
circuit, however, will be made easier by first considering 
Figure 5, the Van der Bijl modulator. 

In the Van der Bijl modulator, as in the balanced 
modulator, .the circuit is that of a Class A, R. F. ampli- 
fier with the audio signal input fed into the stage in 
series with the carrier frequency input. It will be 
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remembered that the characteristics of a triode ar9 non- 
linear, as indicated by Figure 6. This curve may be expressed 
as a power series. Considering only the first two terms of 
this power series, 



i 

P 



a^e -t a^s = plate, or load current 



where 



e = e c + e s = B cos “'gt + A cos “£t = exciting voltage. 

Then: 

i s a-, (A cos w t t B cos **>t) 
pi c s 

2 

+ a^ (A cos u> t + B cos wt) . 

2 c s 

By expansion and trigonometric rearrangement, 

ip = a i A ^ +, 2a2 B cos **yt) cos c^t a^B cos <*|t 

2 2 2 2 
i- a 2 B cos w s t -+ a 2 A cos ^ c t. 

Now note that the first term of the last equation is 
identical in form to Eq. I, which is the equation of an 
amplitude modulated wave. The remaining three components 
are removed from the circuit by suitable filtering. 



Returning to the balanced modulator of Figure lj, 
it is seen to be a straightforward push-pull stage of 
Class A amplification to which a source of carrier volt- 
age has been added. Considering the audio source only, 
it is seen that it is amplified in a conventional manner and 
will appear across the primary of T2. The carrier voltage, 
however, is impressed on the grids of VT]_ and VTg in the same 
phase, producing currents, as indicated in Figure li, n the 
same direction with respect to the plates of the tubes. 

These currents induce voltages in T2 that cancel, thus the 
carrier does not appear in the output. The sidebands, 
kAB cos( t )t and kAB cos( u ' , <. ~ s )t will 

appear, however. This may be shown mathematically as 
follows: 

Exciting voltage of VT^ = e c + e s 
Exciting voltage of VT2 - e c - e g 

ipl = a x^ e c + e s ) + a 2 < e c + e s )2 + a 3 (e c + e s > 3 

i p2 = a 1 (e c - e s ) + a 2 (e c - e g ) 2 + a 3 (e c - e g ) 3 

Note, now, that i p ^ and i p 2 flow in the primary of T2 
in opposite directions, so that the voltage induced in 
the secondary is proportional to i p ^ - ipg. 
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e 0 K ^ x pl " *p2^ 

= 2Afa 1 e_ + 2a 2 e e + a 3 (3e| e + e 3) 






+ ai l (hele s + Ue c e^) + a^(5e^e s + 10e c e s + e s) 

+ ‘I 



Now, 33, a^, and a^ are small in comparison with a^ and 
a g* Also, the third and higher order terms become smaller as 
e^, or percent modulation, becomes smaller. The effect of 
all terms above the second order may thus be made negligible. 
The equation then reduces to 



e Q = 2K( ai e s + 2a 2 e c e s ). 

As ec = A cos w c t, , and 

e s - B cos w» s t, 

e Q = 2Ka-iB(l-h 2 a ^ A cos u? c t)cos «^t 
a l 

which, by trignometric rearrangements, gives 

e Q = 2Ka]B cos *« s t -f-l/2 [jiKa^B cos + M »)t 
+• l4Ka 2 AB cos ( u> -w)tj 



Note that this output contains only the sidebands plus 
the modulating signal frequency component. This latter com- 
ponent is attentuated sufficiently in T 2 so as to be 
negligible. 
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In this derivation, perfect balance of tube and 
circuit elements has been assumed. In practice, it is 
usually necessary to provide adjustable balancing elements 
to the circuit, as well as to use care in selection of 
balanced tubes. 

The functions of carrier suppression and modulation 

may also be accomplished by means of a circuit known as the 

"ring 11 modulator. As shown in Figure 7(A), this consists of 

four diode rectifiers, usually of the contact type, connected 

in a series ring. The nature of most diodes is such that 

with application of a forward voltage, the effective resistance 

R^, will be small. With the application of a reverse voltage, 

the effective resistance, R r , will be large. The magnitude of 

e c is made very much greater than e , so that in effect, e 

s c 

is simply a switch that switches resistances between the 
positions in the equivalent circuits of Figure 7(B) and (C). 

It may readily be shown that efficiency is greatest for R s = 

R g = R^ = VR f R r = R. To simplify the following work, it 
will be assumed that this condition exists. Noting that 
i a = e g /2R, the solution of the network for i^ becomes: 
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where f(t) = ytl for positive half cycle 'If carrier 
(_-l for negative half cycle of carrier. 
Representing f(t) by Fourier components, 



f(t) = U (cos “>t - 1 cos u? t -f- 1 cos $u>t 

if c T G ? c 

Substituting e = B cos n^t. 
s 



- ). 



ib = 




- 1 



COS t(c0S “it - 1 

- o C 3 



cos 3^t 



+ 1 



Now, as B is very small, the use of simple circuit 
elements will reduce components over the first order to 
a negligible value, leaving 

A 

i^ = K cos u> g t cos ^ t 

= K cos(^ + “i)t-f-K cos )t. 

^ s 2 ^ ® 

Bms, not only has the carrier been eliminated, but also so has 
the modulating signal. 
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The next stage of the transmitter is the sideband 
eliminator. Only two methods are in general use for this 
job. The most opular is the straight filter method. The 
sideband eliminator consists of a suitable filter to stop 
the unwanted sideband. This is known as Jhe "brute force" 
type of sideband eliminator to contrast it with the more subtile, 
but also more critical and delicate, phasing method of sideband 
elimination. Figure 8 shows the necessary frequency character- 
istics of a suitable filter. The required sharpness is not 
a percent function of the carrier frequency, but is a function 
of the number of cycles per second. This would imply that 
the lower the carrier frequency, the less would be the required 
percent sharpness, and thus the simpler would be the filter design. 
In practice, if the initial carrier frequency is kept below about 
UO KC, a conventional, multiple, M-derived band-pass filter is 
adequate. Figure 8 is the characteristic curve of such a 
filter using a 10KC initial carrier frequency. If the initial 
carrier frequency exceeds UO KC, more complex filters of the 
crystal -lattice type are required. A ceiling of approximately 
100 to 150 KC exists for practical filters. Discussed in this 
paper will be only filters for use with carrier frequencies 
up to liOKC. This low frequency carrier modulated by a 
balanced modulator, which eliminates the carrier, then one sideband 
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is filtered out. Appendix I describes the design and con- 
struction of such a filter. The resulting SSSC wave is then 
boosted to final transmitter frequency in one or more stages 
by mixing, or hetrodyning with one or more osci lla tors of 
suitably higher frequency, each followed by an adequate 
filter to remove the unwanted new sideband. This latter 
filter is very simple, consisting of little more than a 
tuned amplifier stage, or a simple tuned circuit. The filter 
method of sideband elimination, than in reality consists of 
two or more oscillators and balanced modulators (or mixers) 
in addition to the main and secondary filters. 

The second method of sideband elimination, by phasing, 
may be more readily understood if the vector diagrams of Figure 9 
are first studied. From the equation of an A.M. wave 
(loo$ modulation used for convenience), it is seen that the 
final voltage consists of the same three components previously 
mentioned. As these are of different frequencies, namely ^c. > 

( ^c. + ), and ( - ^ 3 ), any single vector diagram 

representing all these components should indicate the 

rotating frequency, and it should be remembered that the 

vector diagram represents only the instantaneous position of 

the vectors — that their relative position will change from 

instant to instant. Now, for any random instant of time, 

the vectors may have the relative position as shown in Figure ((A). 
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The same position may be constructed as shown in Figure 9(B), 
by noting that with the sideband vectors now originating from 
the moving point, the end of the carrier vector, their 
frequency of rotation about the moving point will be their 
frequency of rotationabout the origin minus the frequency 
of rotation of the moving point. For the upper sideband, 
the frequency is (“'c. + ^ , or just . For the 

lower sideband, the frequency is ( - uj. ) To obtain 

the value of e Q , it is necessary to vectorally add the com- 
ponents, as is done in Figure ((C). 

For the position of peak value of e, the vector position is 
that of Figure 9(D). Let this be called the reference position. 
Suppose, now, that to a signal having the reference position, 
a signal, which at the same instant of time has a vector 
positionas shown in Figure 9(E), is added. It is further 
assumed that the respective lengths of vectors are identical. 

On adding, it is seen that the lower sideband vectors cancel 
each other, while the upper sideband vectors add. The carrier 
components also add in quadrature, of course, but this is 
not significant. The important point is that one sideband has 
been eliminated. The problem, then, resolves itself into 
the production of two amplitude modulated signals, e Q and e£, 
that have the indicated phase differences. This may be accom- 
plished in two steps. First, take a signal equal to e Q and 

-2h- 



shift it through 90 degrees, as indicated by Figure 10(A). 
Next, shift the audio input by 90 degrees, which results in 
Figure 10(B) and is the required wave of Figure 9(S). The 
The block diagram of Figure 10(C) indicates a method of 
generating the SSSC output by this phasing method. The use 
of balanced modulators eliminates the carrier. Of course, 
all components must be accurately balanced for satisfactory 

operation. The audio phase shifter is the only item not of 

4 

routine design. Appendix II is a published article on this 
subject and presents a basis for design. 
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CHAPTER III 



SSSC AND SSRC RECEPTION 

Before considering reception of SSSC or SSRC, the 
subject of detection, or demodulation, of modulated 
waves in general should be discussed. Detection, as prin- 
cipally used, is of three types — square-law, linear, and 
hetrodyne. The first two of these are closely related. 
Referring again to Figure 6, it is seen that a 

typical characteristic curve of a triode (i vs. e ) is 

p g 

made up of essentially straight section, followed by a 

knee, followed by another more-or-less straight section. 

The shape of this curve is also representative of the 

i vs. e characteristic curve of a diode. If a detector is 
P P 

operated principally in the region of the knee of the 
characteristic curve, it is called a square-law detector. 

The name is derived from the fact that this portion of the 
curve may be closely approximated by a second order equation. 
If, on the other hand, the voltage variations are very large, 
then the effect is to shrink the scale of Figure 6, so that 
the region of the knee shrinks in effect to a point. 

Thus Figure 6 could be represented by two intersecting 
straight lines. This type of detection is called linear 
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detection. Because linear detection necessarily involves 
large values of signal-voltages, the terra "power detection" is 
sometimes applied. Conversely, the small values of signal- 
voltage used in square-law detection leads to the narae of 
"weak -signal" detector. An arbitrary dividing point of about 
one volt is generally made. 

In practice, a square-law detector usually employs a 
tube containing a control grid in order to obtain amplifica- 
tion in the stage as well as detection. The circuit of such 
a detector would be that of an amplifier except that voltages 
impressed are such as to cause the tube to operate principally 
in the region of the knee of the characteristic curve. Math- 
ematical analysis of the detection process is rather simple. 

If e Q is the impressed modulated wave, and ip is the detector 
plate current, for square-law detection, 

ip z a i e o'*‘ a 2 e o * 

For an A.M. wave, 

e. = E_ cos •<> t + l/2 E_M cos (**■#■ %)t 

O C C C C 5 

+1/2 E C M cos(*> c - “> s )t. 
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Case I of Appendix III carries out the derivation of the 
output components. The balance of Appendix III repeats 
the procedure for different conditions of e Q . A summary 
of the results of Appendix III appear in Table I. 

As was mentioned earlier, the results appearing in 
Table I indicate that reception of A.M. with only the carrier 
suppressed would be difficult in that, as shown in Cases 
II, III, and IV, the carrier must be reinserted at exactly 
the same frequency, and closely in phase with the original 
carrier, if the resulting signal is to be intelligible. 

Except with the most expensive equipment, this is difficult, or 
impossible to accomplish. 

Mathematical analysis of linear detection is not so 
simple or straightforward as was that for square -law detection. 
Because of the discontinuity in the effective characteristic 
curves for linear detection, a Taylor power series may not be 
used to represent the entire curve. A convenient mathematical 
dodge may be used by considering only the audio components. 
These audio components will be contained in the equations 
of the upper and lower envelopes of the modulated wave. 

Appendix IV carries this method of analysis out first for 
a square-law detector to demonstrate the method, then for 
linear detection of an A.M. wave. Linear detection (and 
square-law detection also) of a SSSC wave in reality is the 
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third type of demodulation — hetrodyning — and will 
be discussed in the next section. 

Comparing the results of detection of an A.M. wave 
by square-law and linear detection, two conclusions of 
importance are apparent. First, square-law detection 
generates a second harmonic of the signal, which distorts 
the output signal to a degree equal to M/lt, while no such 
component is produced by linear detection. Next, the magnitude 
of the signal frequency output (audio) of a square-law 
detector is proportional to the square of the carrier magni- 
tude, while for a linear detector, it is proportional to 
the first power. These conclusions have resulted in the almost 
universal adoption of linear detection for conventional A.M. 
receivers because less distortion results, and the receiver is 
less affected by signal fading conditions. This situation 
may appenr irrevelant at this time, rut if SSSC reception is 
to be attempted with a conventional receiver, it becomes 
important, as will be shown later. 

Hetrodyning, the third method mentioned of demodulation, 
is the process of combining a locally generated wave with 
the incoming wave in such a manner that a third wave is 
produced which either is the signal component, or contains 
the signal component in modulated form. This device is used 
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in superhetrodyne receivers to convert the incoming wave 
to a lower (fixed and predetermined) frequency. It is also 
used in consnunications receivers to supply an audible signal 
when CW (code) is being received. Appendix V, taken from 
"Theory and Applications of Electron Tubes" by Reich, is an 
excellent discussion of the nature and process of this type 
of detection. As indicated there, the simple mixing of two 
waves of different frequencies would result in a beat-frequency 
wave which had much of the appearance of a conventional A.M. 
wave, however, it is a wave that is varying in phase as well 
as in magnitude. The envelope, which is of the difference 
frequency, can be obtained in the form of useful power only by 
sending the two waves through a non-linear circuit element, 
such as a square -law or linear detector. (As has been im- 
plied, the required non-linearity in a linear detector is provided 
by the discontinuity in the characteristic curve.) This 
process, in effect, amounts to the process of modulation, 
not demodulation. Sidebands of the sum and difference 
frequencies are produced which is the sane as the result of 
A.M. 

It is apparent now, that demodulation of SSSC will 
always be of the hetrodyning type, regardless of whether 
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a linear or a square-law detector, or mixer, is used. 

The process is basically one of mixing the incoming wave 
with a locally generated wave to give the audio frequency 
output. For detection using a square-law mixer. Cases VI 
and VII of Appendix III present a derivation of the resulting 
output components. The difference frequency is the audio 
frequency signal. No second harmonic distortion signal is 
present. Referring again to Appendix IV, it is seen that for 
a linear mixer, the output components are infinite in number, 
containing an infinite number of audio distortion components. 

The amplitudes of these distortion components are functions 
of h n "^-, where h is the ratio of the amplitudes of the in- 
coming signal to the locally generated signal, and n is the order 
of the narmonic. The resultant amount of distortion becomes 
acceptable at values of h below 2. The type of harmonic distortion 
described here will be referred to as "rectification distortion' 1 . 

We are now able to consider practical reception of 
SSSC. A conventional A.M. communications receiver is 
equipped with a local oscillator (in addition to the one used 
in the superhetrodyne circuit) to be used in reception of 
CW signals, as was mentioned above. This is usually provided 
with an external freqi.ency adjustment control, so that it 
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amounts to a local, variable frequency, beat-frequency 
oscillator (BFO). It's frequency range is from somewhat 
above, to somewhat below the incoming carrier frequency 
after conversion to the intermediate frequency in the super- 
hetrodyne mixer circuit. Thus, this oscillator should be 
usable in the demodulation of SSSC. When a SSSC wave is 
tuned in, only a garbled gibberish will be heard. This 
signal must be carefully tuned to maximum strength with the 
BFO and the automatic volume control switched off. Now 
the BFO is switched on — the tuning control is not touched 
again. The frequency adjustment control of the BFO is slowly 
adjusted until the gibberish becomes intelligible. If this 
does not occur, the gain of the R.F. stages should be reduced 
to as low a value as possible. In fact, normally, the volume 
control should be on maximum, and the R.F. gain adjusted to just 
enough gain to provide adequate volume. The reason for this 
is that practically all conventional receivers employ linear 
detection. When this linear detector is used as a linear 
mixer for SSSC demodulation, then as has already been shown, 
the value of h (ratio of amplitudes of incoming signal and 
local oscillator) must be below .2 if the resultant distortion 
is to be acceptable. A lower value would be still more 

-3k- 



desirable. If, after reducing the R.F. gain to as low as 
value as possible, adjustment of the BFO control does not 
result in an intelligible signal, then either the BFO control 
does not permit a wide enough frequency variation, or the 
amplitude of the BFO is too small to reduce h to an acceptable 
value. If such is the case, then the receiver must be modified 
before SSSC transmissions may be received. 

As indicated in Table I, the frequency of the local 
oscillator must be within less than 50 c.p.s. of the original 
carrier. It is desirable for it to be within less than 
10 C.P.S. If music were being transmitted, the frequency 
difference would have to be less than 5 c.p.s. Thus it should 
be obvious that the local oscillator must have very good 
stability to prevent fading in and out of intelligibility. 

This degree of stability is provided in only the best of 
communications receivers, as it is not required for A.M. 
reception. 

From what has been said above, it seems that the use 
of a conventional receiver for reception of SSSC, while 
possible with most such receivers, is at best, only a 
makeshift arrangement. This type of receiver is poor for 
two reasons — the type of detector and the characteristics 
of the BFo. With a good quality communications receiver. 
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satisfactory SSSC reception is usually possible with only 
the addition of an external oscillator of very stable design 
and of sufficient amplitude. 

In some cases, however, the high amplitude of the 
auxiliary oscillator overloads the detector, and thus intro- 
duces additional distortion. If, in addition, the detector 
is changed to a more suitable type, then reception is 
possible that, while not as good as that of the huge receivers 
employing multiple crystal filters and fixed frequency 'operation, 
is very good indeed. An excellent detector for this use is shown 
in Figure 11. Comparing Figure 11 with Figure U indicates that 
the demodulator is a form of the balanced modulator. As 
even for square-law mixers, some rectification distortion 
will occur, the use of a balanced mixer of the square-layf 
type permits the cancelling out of the second harmonic dis- 
tortion components, thus the advantages of both the linear 
and the square -law mixers are obtained with none of the 
disadvantage s . 

The problem of design of a local oscillator that is 
stable to vdthin several c.p.s. is a difficult one. In 
addition, the additional complication of the tuning process 
due to having to adjust the frequency of the local 
oscillator for each station received can be serious if 
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rapid change of station is necessary. If the carrier 
were only reduced, say 20 db, rather than eliminated, then 
the carrier would be received. Practically all the advantages 
of SSSC trananission would still be realized, and the small 
amount of carrier received could be used to provide a synchron- 
izing signal for the local oscillator. The advantages are 
obvious. The disadvantage.' is that reception of this trans- 
mission on a receiver not having a synchronising device would 
be disturbed by a low-frequency beat signal formed between 
the carrier transmitted and the reinserted carrier. This 
disturbance would be of relatively small magnitude is the 
transmitted carrier were reduced as much as 20 db. 

Several methods of synchronizing the local oscillator 
with the incoming carrier are in use. For the most complex 
receivers, the received carrier is separated out and used to 
drive a servomechanism that mechanically adjusts the oscillator 
variable condenser. This allows extremely good control but 
is also very expensive. This class of receiver will not be 
discussed in this paper. Another method of synchronization 
control is the use of a reactance tube, which is controlled 
by the D.C. component of the carrier out of the demodulator. 
This reactance tube, in turn, by providing a variable 
capacitive reactance shunted across the local oscillator tank 
circuit, tends to Synchronize the local oscillator. 
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There is room for much development xvork in the field of 
relatively simple synchronizing devices. 

One of the advantages of SSSC is that as half the 
frequency spectrum is required as compared with A.M., the 
ratio of signal to noise will be doubled in a receiver that 
is selective enough to accept only the usable sideband 
spectrum. This desirable feature may be realized from an 
A.M. transmission if the receiver is capable of removing one 
sideband. By using the phasing methods described under SSSC 
transmission, an adapter may be designed that will permit the 
removal of either sideband in a standard A.M. transmission. 
Into this converter can be incorporated the following 
features: 

(a. Single sideband reception of A.M. transmissions 
(b. Exalted carrier reception of A.M. transmissions 
(c. SSSC reception (either sideband) 

(d. Automatic frequency synchronization on either 
A.M. carrier, or SSRC transmissions. 

Figure 12 is a block diagram of such an adapter. Consider 
first Figure 13, which is the enclosed portion of Figure 12, 
neglecting the low-pass R-C filter and the reactance tube. 

The input from the receiver I.F., which, would have gone into 
the receiver detector, is fed into two identical demodulator 
tubes. A local oscillator, tuned to carrier frequency, feeds 
directly into one of the demodulator tubes, and through a 90° 
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FIGURE 12» A Block Diagram of a Single 
Sideband Peceiving System, 55 
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phase-shifter, into the other. The amplitude of this local 
oscillator signal is approximately 100 volts, thus it controls 
the operation of each demodulator to give exteaeited-carrier 
demodulation of A.M. If an incoming signal is of somewhat 
different frequency than the local oscillator, then a beat note 
will be produced. Each demodulator will put out this beat 
note, let us say of 1000 cps. The frequency and amplitude will 
be the same for the two demodulators, however , there will be 
a 90 ° phase shift betvreen the two. Further, this 90° phase 
shift will be either positive or negative, depending on 
whether the incoming signal is of higher or lower frequency 
than that of the local oscillator. These two audio signals leave 
the demodulators and pass through two phase-shift networks that 
together, produce a futher phase shift of 90° in a fixed 
direction. Let us assume that the incoming wave was 1000 cps. 
higher than the local oscillator frequency. This would result 
in two 1000 cps audio signals from the two demodulators 
that differ in phase by 90°. Now, these two audio signals 
are fed into the phase-shift networks that introduce an addi- 
tional phase lag of 90°. The two audio signals thus emerge 
from the phase -shift networks 130° apart. If the two are added, 
zero audio signal results. 

If the two are subtracted, then maximum signal will 



result 



Suppose now, that in addition to the incoming wave 
of 1000 cps greater frequency, a wave of 1000 cps less than 
the local oscillator is also fed into the demodulators. This 
is equivalent to an A.M. wave modulated at 1000 cps. Then the 
higher frequency will result in the same output as described 
above. The lower frequency, however, will result in audio 
signals out of the demodulators that lead each other by 90°. 

.Then these are passed through the phase shifters, the output 
signals will be exactly in phase. Thus, in a "sum'' circuit, 
the 1000 cps note due to the lower incoming wave (lower side- 
band) alone would be present. In a "difference" circuit, the 
1000 cps note due to the higher frequency wave (upper sideband) 
alone would be present. The two sidebands have been effectively 
split, and reception is possible on either alone. Of course, 
if only one sideband is being transmitted, then the audio signal 
will appear at either the "sum" or the "difference" circuit, 
but not at both. 

The low-pass R-C filter permits only the D.C. component 
of the first demodulator to enter the reactance tube, which, 
as already mentioned, serves to synchronize the local oscillator 
with the incoming carrier. 

In order to appreciate the advantage of single sideband 
reception of A.M. waves and the use of exalted carrier de- 
tection, some discussion should be given to the problems of 



radio communications. This does not include commercial 
broadcasting, as in most cases, sufficient separation is 
provided either geographically or in transmission frequency 
to prevent interference. On short wave communications fre- 
quencies, however, geography is of little help, and the number 
of stations is very much greater. The frequency separation 
between stations may approach zero. The amateur channels are 
excellent examples of the situation being discussed. Very 
narrow bands are provided, and thousands of amateurs attempt 
to say their bit at the same time. The condition may be expected 
to be as bad on commercial communications channels in a few 
years. If a receiver is tuned to one station and another, re- 
moved in frequency by 5 KC (which is very common) is transmitting, 
then a 5 KC audio beat note will result in a conventional 
receiver. In actual practice, this is the most common type of 
interference present, not only on the amateur bands, but also 
on many of the communications channels. (If suppressed carrier 
transmission were employed, this disturbance would be reduced 
to a negligible value). The use of an adapter herein described 
would permit the receiver operator to choose the particular 
sideband that was least disturbed by these interfering hetro- 
dynes. A further difficulty encountered is the blanketing 
effect of a strong transmitter on a relatively weak station if 



the two are not far removed in frequency. The use of 
an exalted local carrier, accurately tuned to the weaker 
station frequency, would cause the detector to reject the 
strong station in favor of the desired weaker station. A 
further advantage of exalted carrier detection is also present. 
In detection of an A.M. wave as received, the value of M must 
not exceed unity or very great distortion will result. This 
is the same type of distortion that would be present if a 
transmitter were modulating greater than 100$. liven if the 
transmitter has an M of less than unity, frequently selective 
fading will reduce the relative magnitude of the carrier. 

This may be noticed at times when receiving a broadcast station 
that is some distance away, particularly at dusk, when a shift 
of the reflected ionized layer is occurring. The use of a 
strong locally inserted carrier greatly reduces difficulties 
of this type. 

In the adapter described here, there are no inherent 
limitations on the width of the audio band as is the case for 
other highly selective circuits. However, for communications 
use, an audio frequency range of from approximately 200 cps 
to 2800 cps is adequate for satisfactory intelligence. If an 
audio filter is employed at the transmitter, appreciable savings 
in power result from the blocking of frequencies outside this 
range. At the receiving end, the effective selectivity of the 



receiver may be greatly improved, and effectively a nearly 
ideal rectangular selectivity curve is obtained, as is shown 
in Figure lif. In Appendix VI are given the details of con- 
struction of an adapter utilizing the principles outlined 
above. In order to gain first-hand experience with construction 
and application of such a unit, this adapter was constructed. 
Operation is very satisfactory. A reduction in the unwanted 
sideband of 35 db was obtained. 
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CHAPTER IV 



ADVANTAGES, DISADVANTAGES AND LIMITATIONS OF 
SSSC AND SSRC 

Considerable confusion can arise in the consideration 
of advantages of SSSC transmission because of the variety 
of viewpoints possible. That very definite advantages do 
exist is not subject to dispute, but the degree of the advantages 
depends on what is desired of the transmitter. Figure 15 
represents a conventional A.M. transmitter. Say for example, 




Figure 15 « Block Diagram of a Conventional 
A.M. Transmission System. 



it is rated at 10,000 watts. This is the power output of 
the R.F. power amplifier with no modulation. As the efficiency 
of a good Class C.R.F. amplifier is about QO % , the power 
input to the stage will be approximately the 12,500 watts. 

The required audio power for 100# modulation will be half 









of the power input to the final R.F. amplifier, or 
6250 watts. At 100$ modulation, the average power radiated 
by the transmitter is .80(12,500 + 6250), or 15,000 watts, 
of which only 5000 watts is useful in the transmission of 
intelligence. Now, an often overlooked point is that for a 
normal human voice, the ratio of average to peak power is 
never larger than l/2, and it is usually l/J* or less. Then for 
a peak audio power of 5000 watts, the average is only 1250 
watts. Thus for a 10,000 transmitter, the average power 
radiated is 11,250 watts, and the peak power is (four times 
the carrier power) 1*0,000 watts. Amplifier tubes are rated 
in size by their power dissipating ability. In this hypothetical 
transmitter, at no modulation, average dissipated power is 
2500 watts. At 100$ modulation on peaks of normal voice, the 
average dissipated power is 2810 watts, and the peaks of 
dissipated power is 10,000 watts. Thus the tube in the final 
R.F. amplifier would have to have a power rating of 2810 
watts and would have to be able to withstand peaks of 10,000 
watts. 

From this point, two different paths may be followed. 

First, consider that it is only desired to transmit an average 
of 1250 watts, with a peak of 5000 watts of intelligence — 
the same as for the original transmitter — by SSSC transmission. 




Figure 16 . Block Diagram of SSSC Transmission System 

For SSSC, this power represents the entire output. There is 
no carrier. Further, this peak of 5000 watts of intelligible 
power is the peak power of the transmitter, because for uni- 
form intensity of audio signal, the envelope of a SSSC wave 
is a pair of horizontal lines. Note, however, that linear 
R.F. amplifiers must be used for SSSC, and the efficiency of 
a good Class B stage is about 10 %. Thus, the average power 
input to the final R.F. amplifier is 1250/.70, or 1786 watts; 
and the dissipated power is 535 watts. The peak of power 
dissipation in the final amplifier is 211i0 watts. 



- 50 - 





In Figure 16, it is important to note that all 
stages up to the first R.F. amplifier are of negligible 
power. Receiver-type elements are employed. The only 
power stages are the R.F. amplifiers. No audio power 
amplifiers are required. Comparing Figures 15 and 16 in this 
light, it may be estimated that roughly 25 KW of line power 
is required, for the A.M. transmitter, while approximately 
8 KW of line power is required by the SSSC transmitter. 

For a SSSC transmitter designed to transmit an equal 
amount of intelligible power, the advantages may be 
summarized as follows: 

(a. Savings of approximately 80$ in size and 
cost of final amplifier. 

(b. Savings in cost, and reduction in size of 

transmitter, by complete elimination of audio 
power amplifiers and power modulators. 

(c. Savings of approximately 70$ in cost of 
operating power. 

No significant disadvantages or limitations have yet been 
introduced. 

Suppose, now, that the original A.M. transmitter is 
on hand, and it is desired to realize all possible output 
power advantages by conversion to SSSC. What, then, 
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would be the benefits to be derived. Reviewing, the 
A.M. transmitter contains a Class C final amplifier, 
capable of dissipating an average of 2812.5 watts, with 
a dissipation peak of 10,000 watts. Operated as a Class B, 
SSSC final amplifier, this would be able to deliver 5370 
watts, average, of intelligible power, with peaks of 
33,333 watts. As this ratib is greater than the estimated 
1 to U, using the peak power as the limiting criterion, 
an average power of 8320 watts could be transmitted. As 
before, the audio power amplifiers are eliminated, and 
operating power consumption is reduced to approximately 13 KW. 

Summarizing the advantages to be obtained by con- 
verting an existing A.M. transmitter to SSSC to obtain 
greatest possible output power, they are; 

(a. Intelligible power transmitted increased by 
approximately 650$. 

(b. Audio power amplifiers eliminated. 

(c. Savings of approximately 50$ in cost of 
operating power. 

Again, other than the work of converting an existing 
transmitter, no appreciable disadvantages or limitations 
exist . 
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Before leaving the transmission end of SSSC, 
mention should be made of several practical items that 
require attention. First, the power supply to all 
stages of a SSSC transmitter must be extremely well 
filtered to prevent spurous radiations and prevent undue 
distortion of the audio signal. Next, all stages must be 
carefully designed and operated, so as to be as nearly 
linear as possible, otherwise, the magnitude of the sup- 
pressed sideband will become appreciable due to the 
generation of an A.M. signal in the non-linear elements. . 
In general, more care and attention to details of design 
is required in a SSSC transmitter if really satisfactory 
operation is to be obtained. These items are problems of 
design, construction and operation and should not be con- 
sidered as disadvantages or limitations of the system. 

Advantages and limitations inherent in single 
sideband reception of either A.M. or SSSC transmissions 
have been adequately discussed. The limitations and most 
of the disadvantages of theSSSC system lie in the reception 
end. Summarizing these from the discussion of SSSC and 
SSRC reception, they are: 

Disadvantages — 

(a. Reception impossible on all but communications- 
type receiver. 
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(b. Reception procedure more complex, and in some 
cases, impossible on conventional communications 
receivers. Results are only fair. 

(c. Even -with moderately priced adaptors, the 

problem of tuning is more complex than for A.M. 

Simple automatic lock-in circuits are not thoroughly 
developed (assuming a reduced carrier is transmitted), 
(d. Everpresent problem of satisfactory local 

oscillator stability is difficult to satisfy without 
either loss of flexibility of operation or high cost. 

Advantages — 

(a. Increase in signal-to-noise ratio. 

(b. Ability to choose sideband having least interfering 
signals. 

(c. Ability to better separate desired weak signal 
from undesirable strong signal. 

Some of the advantages of the SSSC system can not be 
assigned to either the transmitter or the receiver alone. 

Of greatest importance in this classification is the fact 
that only half the R.F. spectrum is required for SSSC as 
compared with A.M. This permits either a wider separation 
of stations, or a larger number of simultaneously operating 



4 *" 

stations. Second, is a result on reception of suppressing 
carrier. As mentioned before, on communications channels, 
one of the greatest sources of interference is the productions 
of very intense hetrodyne notes as a result of mixing of 
carriers not far removed in frequency. Elimination of 
carriers would, of course, completely eliminate this dis- 
turbance. Further, as no carrier is transmitted, if the 
transmitter is operating properly, when the operator is not 
speaking, no signal at all is transmitted (except possibly a 
greatly reduced carrier, which would not effect the results.) 
This immediately permits breakin operation with no special 
equipment, and on the same frequency. 

In view of the above discussion, several conclusions 
seem reasonable. First, use of 3SSC on commercial broad- 
cast bands, while desirable from the point of view of 
station economy and efficiency of frequency utilization, 
is not feasible because of the handicaps of reception. Not 
only would converters be required for the 80 million home 
receivers now in use, but also, an educational program in 
tuning procedure would be required. This is ridiculous, 
of course. 

For commercial communications operation, however, 
the story is entirely different. Except for a few classes 
of communications, the use of A.M. is not only extremely 



wasteful of equipment and power, but the waste of 5 0 % 
of the available frequency is hardly excusable with SSSG in 
it's present state of development. The number of communica- 
tions stations is increasing rapidly with time. For a long 
while, the demand for additional frequency space was met 
(largely due to the pioneering of the amateur radio 
operators) by going to higher and higher frequencies. With 
the spectrum of communications circuits approaching the 
frequencies of light, the limit seems to be in sight. Further, 
the communications circuits for which SSSC is most 
applicable are not satisfactory at frequencies much above 
30 megacycles. The available space, then, seems to be 
from 50 to 550 KC and from 1.7 to 30 MC. 

The expense of conversion of a transmitter would not 
be prohibitive. Even this cost could be more than regained 
by savings in operating power costs over a reasonable period 
of time. To the writer, it seems only reasonable to 
expect that more and more newly constructed communications 
stations will be of the SSSC variety, and that conversion 
of existing transmitters will accelerate as operating 
procedure knowledge is more widespread. It does not seem 
unreasonable to expect that in the not too distant future, 
the great majority of communications links will employ 
SSSC systems. For amateur operation, the present situation 
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in the "phone" bands is a good example of what is to be 
expected in commercial channels as the number of stations 
increases — unless SSSC is more universally adopted. 

Perhaps if SSSC comes into widespread use in the amateur 
channels, not only will the bad situation be cleared up within 
those channels, but as has happened in the past, developments 
of technique and simplifications of equipment will cause a 
more rapid spread of SSSC into the communications channels. 
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Fig 6 — Rrri»r«l filirr «<f I if. 4, »»»th pf"..*..*! f«*c 
balanced or unbilincni inp.il and output 
C, — 0.040 „f»1 *5^. 

C| — O.OOU „f.l *3ST. m.c* 

Cj — 0.03 ^.fd. -» tnl , nuca 
C* — O.O.t *»fd • 20 %, mica 
C* - — 0.01 1 «*fd. 4- |r I . rui<~* 
h — 0.0031 *fd. r'.^, ni.r j 
C 7 — 0 0:,J Jd »j%. 

Li ( 1-4 — 0.T rah , 33 turn* N,». 2»«, hibUr 

l-i (5-8 — 1.4 mb., appro*. 4? turn* No Z(j. l.il.Ur 

Lj (1-4 — ? 0 mh . appro* 80 turn* Nn 2b. Infilir. 

L| (5-6) — 0 to 20 turn* No. 2b, *in*lr 
L| (1-4) — 0.T mb , appro*. 4” turn* Nn. 2b. luhlar 

I I (1-8 1 — 2 3 rah., appro*, ftb turn* No. 2b. bifiUr 

l-« (1-4; — 5.0 rah., appro* 125 lumi No. 26, lublar 
h (5-0 1 — 0 to 20 turn* No. 2b, *<nftr 
La (5-8 — 14 0 mb., it* 1 turn* No, 28, bttdar 
La <1-4 — 1.4 rah., appro* 47 turn* No 2b, btbl.tr 
All turf 1 nrrot ar or «|.*.c. — *r< tr*t 
L i and /.* Mound on Wr*tern Klirtrir l*l“ii*i3o rwc 
ring 

f> and / « on Wnirm I Inirtc 1*281 <'i*» orr riiu. 
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' i »m; ronus* h<t \u el. <1* - 

re 1 \<‘l •t*r» step ip and 

h f e the nu nher «»! turn.* 
*« a \ \\ i t ! a’ f* rmiM h* 1 
• l» £ I * *• • ,plet d lilt* r 
** 2 •! r nil ii • u’a ions 

• *\r I ig i. In the 

• •lit f r input or out pul 
'• «*• l<i 'i * are desired, the 
r uoiUt • f turr - and method 

of eonn . Mon of thi s<- a Ided 

windili£s ,»iay W altered to 
met t i • | nr. iieu Since the int|>rdan< e var- 

• - J* r * tl> with ' 1 ♦ in lue*.aine of the winding 
w • I* II nli ' I * in- hid a rue for KXMl ohms 

imptala *. . the n.* juiml indu' tame ni rmlli- 

♦ nrv* for at y *n w wnfwdanees mav he found h\ 
Imdi! it the fit mipeijanre in olmw hv 1000 and 
n ultiplvn it the result 1 . v ! I The number of 
Mirns r -<|u r« 1 can found f. the formulas 
’ r the inductor k iv< n in Kig •• 




Filer Alignment 

\% luts previously been mentioned, the LC 
combinations must be r« sonant at the desired 
fo queney In an m-type tilti r with closely-spaced 
rejec* io?j frequencies, it is very important to hold 
to verv close frequency tolerances; while a con- 
-*an. err>r is not s*»rious the spacing of one 
frequency to the next is critical. 

Heretofore, i» has l>*cn considered necessary to 
•i?*e c\pen«i»e laUiratory equijunent, whit h is out 
•f ’he reach of many. Signal generators foe the 
range ( • |.j to 2i0 he are rjot common, and those 
•ivadabh arc u^iially i»'*t of suflieicnt accuracy 
llowev r, with T lie aid of a frequency 

meter tin mam obstacle has ln-en removed. The 
lundamcniftl frequemy range of the low band of 
the liC-1221 is 125 250 ke., and it has sullicient 
output vol*agc to give a reasonable indication on 
most oscilloseojK's. The MC-221 is used only as a 
calibration means for the test signal generator. 
The test generator may easily Ik* made from the 
junk box, and the u«ual calibration problem 
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Coil Construction 
i ^ » i 1il*« « 1,^ 

r (,* \ :il»i» * • H fc t 1 Vi 

I i* I'l » - • \*n J« p-'* \\ I 

,|‘ iti Jill- t , :i I ( »rt 
i» II •••>,<»' i «•'»», \ |.*«— » In (l 

’Tim \\ i< f •»• \ \ |* - > • 

*• 11-« « I, ill* ‘ulitliihl 1 \ |w l» i*» 
r« r»»l inrv t*- l • f i i»»l\ i* 1* tni»u 



P< r*i ;ill.iV a n n«*w avail.V 



miuiIi i » r 




♦ t_ 



L lh— -JLUjJ 
HI — Gliutl 



L-C CerV-j'*!# 
Ui^n T**» 



%u 



1 14 - 7 I ii*- method Ai»r«J fur cIk* Ling ixnl-afi d-e**»»deti*rr com. 
bmalioM*. \n aivunlf frcquenc) clink is obtained by umiik •* 
BC-221 to check tbc 10th harmonic of the tr-l ngnal generator, 
i ht / ( combination under lent n adjusted for minimum horizontal 
amplitude at the detired frequency. 

R — 1 to 10 ohms, H wall. See leil. 

I’ — Step-down transformer. A SOO-lo-O-ohra audio tracuformer i# 
•tillable with generator outputs of 500 ohms or lea* 



• p i t.tl * ri small in si7.» 

1 < r . v • \t» riial held, -uni tin- 

mains coii-Vmt wit It pnwrr 

•pri'ijr, Tl atpling Ini ween 

so \\ t 1< ihag* ro.t<‘lance nriv !■<■ 
In- d« -tgn i»i ♦* 1 *ml t -in t raiis- 

i . 1 ».ipf*d ouK Hu- mu disudvatiiagr 
i isiii: mpIiI coil- is t lie difficulty <»f winding, 

-■ in < tin win n M i-t in* bread** I through the core. 
IliWiMt, in »liH filler S|* cul attention w:t> 
^u. n t i k<-*-ping the indue tames low, and wind- 
• „• »- i . t<-» dithcult. Twu different grndos of 
•r. i Liti rul wire uied in the inductor* for th* 
t . > * t < i ) is 0 ftttcmunon characteristic* sh »wn 
I iff 5 . 

Inductivrs /,*. / and /.» use con* having an 
elWlivt p» rmealiility <*f • »<>, producing tys of 2tHI 
to 2 V) At JO k r. l.\ and /. 5 cores were of 125 
p* nit* »hili f y t reducing the required num- 
I* r nf turns and still permitting Qs of 
ov»t 100 The construction data in Fig. Pi 
give tip* approximate number of turns of 
i he inductors when using Western Elec- 
tric core rings IM76930 for L\ and Li, and 
l*2S1395 for Is*, Lz and £4 I M 76930 and 
l*2M39o have nominal inductances of 164 
and 79 millihenry* respectively per 1000 
tum« The approximate numlier of turns 
i<»r a sjtetified inductance, as given by 
tin manufacturer, is found by the for- 
mulas given in Fig. 6 . 

Suncc a tolerance is allowed on the 
capacitors, and the permeability of the 
cores varies slightly, the exact number of 
turns will vary aud must be determined 
by measurement. For this reason suffi- 
cient length of ware should be allowed for 
the windings so that the additional num- 
ber of turns necessary may be found by 
test. The extra length of leads will not 
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alcnt, is root in it iit It r«if * I I'M 
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nt t In’ |lt »<^ll»l ||1 \ n! 'll. I '* <1 • II ' 

In order in r. .In t "t. < i . . •• - I 

w in* mu*t U ' lin:t«lt I’Iphil ’I mg ill 

windings are lnlil.tr « \ t j*t ill. :t * I n'li * win I 

mg* w' nf / 2 M III / 4 I tit I l 111 if • \ I h .wild 

mg, t wo w ir* * an I « I 1 i. g« 1 N r mi i w mi • < i 
our. \f*t r w it «l i g, i • '■'.it* . » . «it* w m > n*»\ 
l»e connected to • I « ti ' • Mi* • *t l». i * . ’I - 

commoting ’It • w» it * lit ' n ' i dit c « 

\« in ti lt plmi i prat i. i-n. ’I mind* ng ■ 



I tllg tl* L 

• I I , t . * It » t . W , I \VI* I • I . 1 

1 .1 I . • • 

ii •> • 1 *i- 1 I 

. ... 1 i .« • 1 1 u * ’• PIm ■ i*' I m u 1 "i I > ii't >• 

>, i i i i i . | « . n 1 1 1 • - • . pit i 1 1 w g 

l >1 I | . *t> It I tl*» tn I n llt| i \. w 1 \ l|*V t 

- | * . , I ., V i It Wilt i t I . nppi ■ |t « * 

1 ill. 4 in ling w I I. . I « I tin* i nn \ 1 

I | I * hm-m wnl It. 2 ,i . I ti*i n I*' * 

I | • It, ,i \\ it h ■ I i • \ ♦ pt ini if i In input 

t > niiip t* \\ t.«|i g t / :iinl / ,s tin five wire 
I ... | I, I tM\ b, It M I >ng :n el tin )l<l<ln lniuil 

• jt it "mm i i m \ 1m »l* iinei I Its u 'tilling mi 
-•I u |\ f Willi , 1 1 i 1 1 i;i i ' Ite \\ II • t t.n* mill' lltrnllgll . 

t»r, tin sun, -I re tit* 

|'l„ lllil.tr wtlelmgs .» o' MU' I . .1 \ tllnw 1 lie 

Hniito pmeolun I Itiwex t r, 

\\ lien t vn n w 1 1 di^ig' nr* to I* 

-t |l, '-ft tltliet 1 et| 'Ill’ll it" / ?, 

, Milt! 5 *>', ' s I'M re mil 'I 
I* T'lketi lit selection of tin 
t i»t| of w mdmg tn label ), 7 | 

Tin proper lulielitig in •‘ueh 4 
that tin* wire end* >, 7 pas' • 
lltrnllgll the cure Cofltor 111 
the same direction a* tin 
w m* rmK /, *f 

The input vn mdmg* of t,\ | 

/ Hint output windings nf , 
/. fc 5 >) nre not critical in 
inductance ami rna> U t 
vvtHiii'l first to the specilied 
minitter t»i i urns. It desired, a laver of lap- mnv : 
i- *i'H led over then* winding* l»efon application 
nt I lie •tecnlid W ItldlUgS. 

I J) i* wound and rem mated with a If l-afd. 
»i-t capacitor to I'J.t) k< to the nearest ; 

turn tliat produces resonance closest t o the exact 
tnsjucney t j and may Ik* paralleled and used 
lemjHirariiy f *r tin* lest capacitor. The second ' 
winding of /.j ,5 v) is now applied and series- 

• ni,nected with tin* inner winding, / -4 Turns are ( 
adjusted tn secure remittance with at Pd ko. No , 
eoimection is made to the tap during adjustment. 
Note tliat wide tolerance** on (\ are allowed and 

i he exact ihiihIkt of turns of /.t will dep<*n<l on • 
tl»LS trdemnci*. j 

l.\ 5-£)and/«i l 4) are wound and resonated j 
wilh tlieir associated capacitors, f'i ami f’;. , 

/.j 1-4) is now wound ami resonated with (‘j. ’ 
Vs previously mentioned, the value of may t 
vary over a wide range plus tolerance), and will ' 
determine the number of turns of windings 1~4- j 
Note tliat the tola! numlscr of turns for /*, in- * 
eluding ailjustmeut winding 5 -6 depends only on 
the exact value of C\. Thus if r 3 is large, winding 
1 -4 will have fewer turns, and 5-6 will have more. J 
After resonating Cj connect it in parallel with 
windings 1~4 a °d the combination in series wilh j 




/ l* At V Mi£|r«tr,| rnnul f># tl»«- *H ki 
jnd lulimril ih,m|uIi<.< 1*, k u*nl %»itli ik l«llrf 
1 . 1 , Ci — il.Mj'»M nut, hr<l l«» Miltitn l» 

Inal. 

l'.» — 0 01 . # M. *ilm mwa 
, (4 — tmiltk m adjii'lahk 

Ri STKWwtltm p, ilrnlH. met n 

Kj, It i — 150 ohm*. 1 ^ kill 
Rj — Vf int. 

K* — 3000 |n SOINI <4ini« 

K* — 1000-ohm p, *lro I mmr I rr . 

Ii — 284 (urn* ck- I 42 hihlar, Ni». 2>» I "fm»K * r . 
fi w omI I 2 < 4*1 3 <i i« 4<* lurn* of •jmr lap|w-<| 
c iff t 1(1 lurnt. llol Ii coil* arc vomiJ imi llic *4in«* 

W K. 1*284395 c.k«* r»u«. 

('OK — G>pprr«ujr nxidutjtt* \ ari»tor , N*r l«*\i. 

Tt — OulfHit lran*f«irnirr, plalr lu 3*"> ohm*. 

windings connected for series ai-ltng i« «uch that 
t lie direr tit »n of current at one inrinnt i> fnmi / t*» 

, 2; $ to 4; 5 to 6; etc. Thus if 2 and 3 and 4 and 5 

are connected together and external connections 
! are made to / and 6 t the winding* are series- 

aiding. 

i In winding, the length of w*ire to be pulled 

through for each turn may be halved by starting 
I at the center of the bifilar doubled) length of 
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including 7*], < j mrii t In iiM.luInti.r <1 -i.i 

nected and a .V»t-.«hm ri -i-t* »r -n t i itip* <1 
Tin 1 2ll-k' oscillator ill mu l u- - ii t .♦••nia I in 
.luri.ir Other tv|«-s of o— illn* *r* mil j* rbm*. 
satisfactorily if ti»r output ini|* lam* i- held i m 
The rmniln r of turn? of inductor / i aim) valm* *.f 

* i ii La v U adjust**! fir projM*r fr**|U«i.« v u*ir.g 

tin B( -221 and ill*- pn ju r feed-lmrk h* 1 ju^****! I*v 
tin secondary winding 1 i '» * 7*1 if t » | on tin* 
winding are desirable to adjUM tin* vollag* at tin 
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HM to ohms for U\ | »«* rut it - — unr a« j j u-t - 

inwit. K % shouhl U* a* high a- pusMldi* for Irast 
loadui^ on t lie osc illator ami filii-r. Mtill [H-rmiltint; 
i-nough 20-kc. output for any tlfMirtnl amount of 
carrier reinjection 

One fHjint not obvious is tluit tt* ami Ri with 
H\ in ]iamll<'} are actually in series tilth the 
input to the filter. The values chosen normally 
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.1 I 1 T 
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ip t 1 1 *n i in ♦ in \ iii t «r or input m i mini t! ol the 
Tilt* r m:i\ pr* \* nt -ulln i* nt < :irrier balance ami 
-m*!' 1 \.*lm - » t . % p; i * it \ m:i\ Im- ;« • 1 ■ I* *• 1 ir<*m lilt»*r 
t* trial / **r , t.. i:i Miml < ipacitv may also 1» 

I n. *1 e r .*■» t • r ♦ 
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| runa*\ • / ; 

Vijiln i* tiou .inm-etiil lo the input r »f tin* 
'j»o« b atiiplili* r ami the level adjusted to a 
maximum «<f »* J"> volt nt the output of T\. 

II t|»< <.ut;*i|t «»f i he sjieecli amplifier i* a pure 

t HI. ll« output i»f the filter should l*j a «lligle 
to \ i* m i of Jtt kc minus t hr* autlio freipiencv. 

1 * i g .» * m • < • p rate that i* a njbmultiple of the 

■ei lm input treij»ii*nc\ , u check may be made for 
tin po-nc* ol a modulation envelope. Sueh ft 
Iran r« presents more than one frequency i ri the 
output and iii:iv I**- euu—*d by distortion in the 

* I m ** *i* ) i afiplitier or overloading of the modulator. 
\ slight iiMMlulation pattern is ]*-nnivMble as this 
n pre-rnt* onl> a *light di**lortioii of sjieecli ami 
not *puriou* -ignal* out of the pa^-band 

The iniMlul-itor i* non ready to l>e connected to 

♦ In -ui ciiding -tagi ^ of the exeitor. 
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CHARACTERISTICS OF SIDEBAND FILTER AS ACTUALLY 

CONSTRUCTED 

The filter, for which the characteristics are shown 
on the next page, was constructed to the specifications 
in the article on filter design, with the exception that 
inductances of a much lovrer "Q" were substituted. The re- 
sults of this substitution is readily apparent by comparing 
the solid curve below, with the corresponding characteristic 
curve of the designed filter. The attenuation peak at 20.5 KC 
is suppressed, and the attenuation in general is less over 
the suppressed sideband range. The most important effect, 
however, is the lowering of sharpness of cut-off from 20 
to 21 KC. 

In order that this filter be usable, the attenuation 
curve was shifted somewhat, as shown by the dashed curve, 
by shunting a .0017 mfd mica condenser across Cj^. 

The indication of an apparently negative attenuation 
in the bandpass region is due to a slight miss-match of 
impedance in the test circuit. 
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1 Wideband 

Design criteria are proented for L-C and K-C phase shifting networks that develop a 
constant phase difference over a wide frequency hand. The technique is to introduce 
two phase shifts such that, although they vary with frequency, their difference does not 



I T is frequently desirable to de- 
rive from a given voltage two 
new voltages of the same frequency 
but with the phase angle between 
the new voltages held substantially 
constant over a wide frequency 
range, each derived voltage having 
an amplitude characteristic linearly 
variable with the amplitude of the 
input voltage independently of fre- 
quency. 

To produce the phase difference 
between the two voltages, two net- 
work^ whose phase angle** increase 
substantially IinearK with the lo- 
garithm of tfie frequency are used. 
Thus, if the two networks are prop- 
erly matched, the phase difference 
between them remains nearly con- 



stant over a wide range of fre- 
quency. 

Network Development 

One way of producing the two 
voltages is to derive both of them 
from a single source and arrange 
that the output of either channel is 
independent of frequency, but that 
both have phase angles with re- 
spect to the input voltages varying 
in *uch a way that over a wide band 
of frequencies 

oi — o K d i 

«ln i rc c*. . pi i ;»»>«• of otilp'il N'» 1 

o. pi i ;»ncl*‘ of output No. 2 • 

A a Onri-t;»tlt 

o ; .inti oj arc each their own function 
of /. the frequency 

One possible configuration for 
these functions is 



= < ~ log/ 2 

6, = r - la kf 3 

where C and k are constants 

Substituting Eq. 2 and 3 in Kq. 1 

- <f>: - C 4* log / - < * - log /./ 

= log / - log / - log Ic 
= — log k ~ K 1 

Thus it is only necessary to find 
a network configuration which will 
yield a phase angle which varies 
as the logarithm of the frequency 
over a wide range of frequency. 
The network must also have no 
change in output amplitude with 
frequency. The latter limitation 
usually restricts the final network 
configuration to lattice types be- 
cause finite ladder types with any 
phase shift must be accompanied 
by amplitude variations. In order 
to avoid the use of transformers in 
the lattice structure, a half-lattice 
will be chosen with the input termi- 
nals excited by two equal voltages 
180 degrees out of phase. Such volt- 
ages are readily available from 
vacuum tube phase inverters con- 
sisting of a tube with equal cathode 
and anode loads. 

L*C Lottie* 

A circuit having enough inde- 
pendent parameters to permit the 
designer to shape the phase angle 
curve to the required logarithmic- 
form and the basic design equa- 
tions of the circuit are shown in 
Fig. 1A. It will be noted from th.* 
equation for the phase angle (Fig. 
1A) that an arbitrary factor s is 
included. The choice of s is up to 
the designer. 

If s lies between 3 and 5, a fairly 
straight line for </> is obtained 
when plotted against a logarithmic 
frequency scale. As will be shown 
later, if a second curve for a sec- 
ond similar network, but with ji 
resonant frequency f 0 which is 4.53 
times the resonant frequency of the 
first curve, is plotted, the phase 
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C, 
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I c, — J R *‘ l 4a 1 R « • q »' { TTo } 

0 R * J * i It. M ( I- 4o 11# I I 
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FIG. 1 — Three networks lor producing phase shift. Networks are used in pairs to 
obtain two outputs which hare a constant phase difference over a wide range of 
frequency. Phase shift equation given for network of Fig. iA holds for other 

two networks 
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angle difference between tln*» two 
curves is maintained within 90 —4 
degrees over a fairly wide range of 
frequency if * - l. and is quite 

satisfactory for voice frequencies 
because the upper to lower fre- 
quency ratio is approximately 28 

to 1, as for example would occur in 
? band from 130 to 3.G00 i p>. 

The band can be widened indefi- 
nitely by adding more elements to 
the bridge arms with the result 
that the frequency range i* ex- 
panded mere until remarkably good 
performance is obtained r\er *h«- 
'ull audio range from 3n U* IVO^O 

'P?- 

The use of inductam** in filters 
^ to be avoided if possible because 
of the inability to obtain a pure in- 
ductance: there are always the in- 
itable series resi*'an»‘ and slum* 
apacitance. Other "».i. .*<ms *' 
h e use of inducP r« ar« ‘hat thev 
^ay pick up upwatP* d * gi al* 1r« n 
‘rav magnetic field* a ml *1 ,it f h‘> 
.ire not constant in imiu* ‘an « ‘h 
pplied \oltng» a rfn '*'’i » n< • 

.4 resi*tance-i apacit.v ( o Tv P* 0 

-alf-lattice m twork wo dd be pr* 1 - 
>rable providing the r oyi red *\pe 
if phase curve w«i* ih'ainabh 
fn-m them. 

R-C LoHice 

In oi tier t « » proyide a wide i.mgc 
of operation, two simple resistance- 
capacitance network.' can be used 
in cascade with isolating tube* be- 
tween them as shown in Fig. IB. A 
single network has restricted band- 
width. No terminating resistor 
can be used in this type ot network. 

The phase angle of the final out- 
put voltage can be adjusted ex- 
actly as in the 1,-C circuit of Fig. 
I A because the pha*c angle equa- 
tion is identical. The only limita- 
tion with this network is that * 
must be greater than 2. however as 
previously found, for best results s 
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Applicotioni 

I HE *‘dcb<»nd pHas© sb'o retwore 
d©scr b*»d b*»'©i© a © app r .abt© to 

S'ng'© ♦<> rpliCy accom- 

plished direct 1 * at ft'** C"! carrier 
Ocquenty ,v *hou* mult p e modula- 
tor! or sharp cu*0^ Tlterj. 

High ^'ciercv broadcast tranjmit- 
♦ ©rs rad at'ng carrier, upper, and 
lower sidebands ( '0<r three separate 
©nton n as 

E-egueecy var ator o t crystal con 
♦rolled carrier of communication trans- 
mittnrt either lor carrier control or 

bequency-sH*t , eying 

Circular d jolay on cathoda*ray 
tubes ove f a wida frequency band 
without adjustment o* tha phase lhif* 
network 

Variable speed ope^al'on of three- 
ohase a-c motors. 



-ho ild >e ap| *\ m.i'e h ‘tud 
) ell e b« * well :i )ov i 2. 

Th* t mbe »’ **.»/••- •' det 

rj »' L* <’*l b» ir- 

1 < *.( *r‘< J • ,v e*ii *d 1 >in bo r 
Who*. *.\ * . *' a •-* .*r« *• d. tm- 

re.p.ei r ‘oi'* .i l>ha*« 

. • gif si *!• Ml ' f«t f V*t >“t* 

, . t .,.T . .. ,»n h maintained 

• « '• * * - ‘ uegr* * * b* 

. • 1. ' 

. j .'i ,it audio fro- 

. . • 1 ♦ I 0« H » C|l< 

,4*1 '•* * ' ‘ • ' 

.,v; j . ■ Wl. -i :.l '■ 

I.roatt a-" - • • ■ 

-j . R • • ■ a » 

• i* i*« '• : •' ‘ 

, tll . . r. i ( . r - ♦ twork 

r* bl* - i • M' ^t- 

\s rk ‘ F.g. 1 A » it di tiers in out- 
».**.« w r * T: • o-gptr voltage ^ 
a up m. r fr:.c* i-»i f * tin* input vob- 
Ik. • .u * • bo le** 

than " °r > m .st be greater 
than 2. uh ! - iv thi* network. 

As pivvi" pIv p< 'i i i ’ *‘ d out. for b»-*t 
results v 'h" uM b** a]»pro.\imatcl> 
j nr „ - o.lGT a 1 n-h will yield 
all output voltage of about 0.33 
times the input \obage. 

The phase angle eq lation f^Fig. 
j A ) is seen to be identical to those 



tor tin pre\ loudly described net- 
v oi k * ill order to find the proper 
\aluo* I'm- t in the two networks 
which are to yield a phase angle dif- 
'Vivme of PU degrees, assume a 
geometric mean frequency between 
the ipper and lower frequency lim- 
it* of i sable phase angle difference. 
'H i ■» m**:i n frequency is not critical, 
hut a c.ilue of 700 cps has hoen sug- 
gr-ted as a practical frequency 
(i II llanser., Down to Karth on 
•11 gh 1 idebtyh Kadio Teehtuea; 
Main ng Board. Report on Stand- 
apl* and Frequency Allocations for 
IV,.' \\ a r FM Broadcasting. Panel 
1. P.M I. Section VHP. Ilav- 
t g dei , led on the mean frequency 
, f the sNstcm, it is merely neces- 
n \ to design the tw phase -hift 
■ •twork* so that on#* has a phas. 



angle , t 180 - P .l.-gioes .It 70*1 
p-. ai d the other .• pba c e angle of' 
1 Ml If* d« grees a 1 7<>H t p 

* Basis fo Design 

SllppoM* the \ al ii t oi t t i.e 
tir*t network 1* >" be dtterni.mil 
tl h. di *ig?»ating < oj t i 1 i st m“ 
w„rh P, «ud let’ll./ j mi al Mu 
n f.Hi ■ j 1 it 1 nc\ . Ui s ig 1 as / 



’ll. pha*o angle c pi.v 



i 



ig. 



lit ■••iime? 



*m tting «/» l3a degr* ♦ * and ' 

■ haring fractions and solving for 
, t 2.12G r which, for 

y 7*10 cp>. gpes / 1 . 18 S cps. 

P,v reciprocal relationships, the 
vdur of t . the f the second net- 
work. i> f r 2 . 126 ; at F ToO 
rp>. 1 320 cps. 

The parameters of tin* two net 
work.* can now la* calculated V or 
convenience and to establish valto * 
,,f impedance into which vatu iv 
tubes can work sat istactnnU . as- 
Mime that 2 H.U 0 U ohms in each 
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Table I — Determination of Network Parameters 
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FIG. 2- Phot* ■hilt characteristic* of networks whose values are given In Table I 



network. The calculations are sum- 
marized in Table I. 

The phase shift curves for these 
two networks are shown in Fig. 2. 
Note the long frequency range over 
which these curves are substan- 
tially parallel. The difference angle 
is plotted to facilitate comparison. 
Note that this difference angle 
holds fairly close to 90 degrees over 
a range of frequencies from 130 to 
3,600 cps. This range is quite ade- 
quate for a voice frequency chan- 
nel. 



Such a network can be used to 
build a simple single sideband 
transmitter without the necessity 
of using sharp cut-off filters and 
double or triple modulation. This 
simplification may be done by com- 
bining the outputs of two balanced 
modulators: one balanced modula- 
tor is fed with radio frequency cos 
a>f and audio frequency mcos 
(fit — 0), and the other balanced 
modulator is fed with radio fre- 
quency cos M dt */2) and audio 
frequency mcos (fit — 9 dt */2). If 
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the plus signs are used and the bal- 
anced modulator outputs are added, 
the resultant output would be ,??cos 
' (»,) — fi)t *■ o], which is the 

lower sideband. 



Single Sideband Telephony 



An experimental system of this 
type has been constructed and op- 
erated using carrier frequencies in 
the broadcast band. No untoward 
difficulty was encountered and re- 
sults were fully up to expectations. 
The transmitter was modulated 
with audio signals taken from the 
output of a broadcast receiver. The 
single sideband transmission was 
received by a second broadcast re- 
ceiver into whose input terminals 
was also fed an unmodulated con- 
tinuous wave radio frequency from 
a signal generator to furnish the 
missing carrier. The signal gener- 
ator frequency was adjusted until 
the reproduced program sounded 
most natural. No auxiliary filters 
were used in the radio section of 
the transmitter to aid in reducing 
the unwanted sideband. 

The question may arise as to how 
much of the unwanted sideband is 
permitted to get through the sys- 
tem if not exactly 90 degrees phase 
difference is obtained between the 
two audio channels. The ratio of 
the weaker sideband to the stronger 
sideband is given by the equation 



KATIO 



V I — cos b ^ 

1 -{- COS 6 



o 

~n 



where o is the deviation of the dif- 
ference phase angle from r./2, with 
o expressed in radians for the ap- 
proximate formula. A deviation 
from 90 degrees of 6 degrees ’is 
required before the weaker side- 
band becomes 5 percent as strong as 
the .stronger sideband, so that the 
phase angle curve of Fig. 2 is 
probably commercially useful over 
a range in frequencies included be- 
tween 84 degrees on the low side of 
the center to 84 degrees on the high 
side of the center. 

A second application for the sys- 
tem is that of providing a closer-to- 
zero frequency single sideband tele- 
phone or broadcast transmission 
when filters are used. For example, 
a single sideband transmitter may 
be constructed along conventional 
lines with a quartz crystal type of 
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band-pass filter to operate on ion kr 
Suppose the pass band cxumU 
from 100.000 to 108,000 ops. It > 
seen that frequencies boh \\ b"t* 
c ps are attenuated in smh a sys- 
tem. Now if the single side! ar.d 
system iloscribed in flu* t < • . i 
paper were to be used in c<>nj me* 
lion with a filter, the filter n> i lu 
transmit from 100.000 to tos.ooo 
cps, and the region between 27 and 
000 cps could be taken cart of b\ 
the audio phase shift system, let- 
ting the filter remove the timb- 
ered sideband from 09.100 down 
to 92.000 cps. Thus the ivmi’m* * 
radiation could contain single side- 
band components corn sp.onli g t* 
an audio frequency rang* of 27 to 
S.000 cps in. stead of being 1 mited 
to a range of Omo to \eiio . ] > Tin 
addition of the 27 to l*"0-rp< 
will add considerably to tj. i t t- 
alness of male speech and gat. 

Kiv qm nci< > he* v • u 0 at.d 
27 cp: should be remov. d fv« m *i i 
original a din being f* d to t|** 
system. 



High Efficiency Tronunitter 

A high 'then-no broadr; st 'r.i 
mitter van be e’ro'r r *«i < > 

emplox^ng three power amplifier* 
md three anteni a* arranged so 
.at an urm «d dated larrnr t- 
radiated on a cti/ral anti na and 
the upper and lower sidebands are 
radiated respocti\«ly on two >ide 
antennas, which are on -tratght 
} ine through the cen'ral anterna 
but on opposite side> equidistant 
from it. The sideband-* are gener- 
ated in much the same manner as 
described in t lie preceding section 
Only one c et of audio phns* >hift 
fibers are required, for the upper 
and lower sideband- ran be ob- 
tained by simply adjusting the 
phases of the radio frequencies fed 
into the two set< of balance mod i- 
lators. 

This system of transmission 
could be accomplish**] with the fol- 
lowing installed relative power 

capacity 

Carrier 1 -0° 

Upper Sideband 0.2 * 

Lower Sideband 9.25 



Total * 1-50 

When modulating 100 percent, this 
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APPENDIX III 



DERIVATION OP FREQUENCY COMPONENTS 
: S 'Li I' Q FROM SQUARE LA’.V-DETEOTION 



Case I. Defection of noraal a.K. 



.* 4 * 

A 
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+ ^ £ ^[c^. a - ^ t 
^ Q c + r * i ~C co c- i ‘ L *’s)t + y" ^Y^C * 40 ^ )£ 

“+ A 1 ^°C £ c*m Cw c + Uf £ 

+ A1 C<r* u> c t - U>A £ 

+ - 5 - j 



s [ e o} + «-*<&£» i-^^tj 
+ t^fl + <^>-*2.( < ^ < . + ^ i )tJ 

+ t[i + <^* i(u> t - ujj)* J 

^ ?'L c<r, C u, 0 - u, t-“^j* + <: «”6-<- + ‘^ +u 'jjtJ 
■*■ ^(<Vi(u> c -u* t ■#■«>»)£ +£n(u±+<+^-u 0 tJ 





+ Cl i- £ c ^ i -e-3J.mt.1- 

+ 9" <^>4.(^-^ 0 )t + g- u>, <• 

+ £?. te-a (i. m c - M$|) t t ^ 

+ ^ t«-» 2 . J 
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^r) + cL^E^fl <Vtr ^ ** 

^ £ t .t £ *f <*-/ u> c t 

* a ‘Ec&'T)z~^£ 

1* i+ ^ i Ex. t * 1 (»o t pa> 3 j ^ ^i^iE c /ic^(. u> t~ ic> j)f’ 

^ Q’t.Et J "t ^-£*)~*jC (u> c - t 

+ Sh X’ <: »«(i“ , <.+‘* , >)t t**.^ 





W aa£ft*# 

fc) ^4 ^ ^1 ^t- 

15) ^ E t l 

rt) a i £ c Ce-, “t> t *■ 

C*»i ia,E c M 

(7) ^‘ l l £ i^K-‘* , ^ 

(f) a 4^T^M<t+^r 

ft) 0*£ ■^«^(Mt~ u i)t 

l'°J 4 4 £^'-(H*w,)t 

00 <1* <x 



D. C. Component 

Signal Frequency 
Component 

Double signal 
Frequency Component 

Carrier frequency 
Component 
Double Carrier 
Frequency Corporcnt 

Up er Sideband 
Component 
Lower Sideband 
Component 

Double Upper Sideband 
Frequency Corrronent 

Double Lower Sideband 
- uercy Corrronent 

arr ier f \ ,- Sig- 
nal Frequency Comroncnt 

Double Carrier Minqi Slg 
nal Frequency Component 
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Detection of with carrier surr reseed 

at transmitter and reinserted <3 1 rec*e* 
at a frequency of (L 9 



e * - c C*-* (*>,.+ 4)* 

+ £ £ , tW £+* C u> <--« , s) t 

*-r - a >e<> 



V - «.£«.} +«a{c *i**\m,^ 

^ ^ (_ <-O t -f- J £ 

+ ^- £t^ c *»C« t ^4)t iv« (y%_~ ^)t 
+ ^f 1 Co.C4^+u»,)t CVa C^-^i) t j 



* <^>cs rt)it * fc ^ - * lg— i t 

■fQ-lLCr* C~<**)t t e+vi^tr 

■t- f -i7 t ~*l(.'><*-*)t + <*, £i£l 

t <<., -^- £«»(«>< -u) 4 ) t + ^ 4« *■ 
■f. Ct t £ ira + ZI ”“i) t 
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Components of i_» 






0) 

W "2" C E c Ai ^n(_^> } -A)t 

(3) ^ C E C A<1 t~a &*>,+&) t — 

(3) ?jr £ c i m‘ 

£9 Q,C C~o C w c-»4)t 

ft.) A«t* 

(7) ^ ^»4(^c +/>) * 

($) ^ j? H ^( w c+-0t 

(9) ^ K^)t 

(? ®j ~r Sc* r ^ 

(//; ^ -- 

^ ^ ^' < - e c ,l J +*^)t "" 

^ V t — 



D. C. Component 

Signal Frequency 
Vlnua 4 

Signal Frequency 
Plus ^ 

Double Signal 
Frequency 

Reinserted Carrier 
Frequency 

Double Original 
Carrier Frequency 

Double Reinserted 
Carrier Frequency 

Upper Sideband 

Lower Sideband 

Double Upper Side- 
band Frequency 

Double Lower side- 
band Frequency 

Reinserted Carrier 
Plus Upper Side- 
band frequency 
reinserted Carrier 
Plus Lower Side- 
band Frequency 



Note that components (< ) and (3) may be combined 
to oi*e d L C £ C M c-w, m fe* 

whioh Is a signal similar to the audio signal of 
straight A. K. , detected, but varying In amplitude 
from 2ero to agC^M at tne rate . The result would 
be unintelligible. 
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Case III. Detection of A. 11. with carrier suppressed 
at transmitter and reinserted at receiver 
at the original frequency but differing 
In phase by ©°. 



e e = C «"•(***.* te-Jt 

+ c -»-» ( «-> t — *<->«,)£■ 

■V - a . e. + e* 



*-p = *,£e 0 j 

+ a ~* 0 ±* u, Jt + 

+ c Crti(uu t t + C^J (uJ > c +**>j)± 
*f C E^M 6re{u> c t t©) d*~a -c0 5 W 



> * - e) 

+ q,c c«(w t t+e; ^ + 



. Q.| £<, A1 ^ 

T £ ’ * ~£~ £+v 
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Components of Ip! 




(3) 7*0 E t M <-« 6">* +e ) 

(f) ^ f 



(5) a,c + 



CQ FA*’ t*a £ -tt 

0) ^ e c ^ 

(/O) ^ 

(II) ~ 

0*-) +6+^tj 

0 -0 ^(a.*** *■ 



D.C. Component 

Signal Frequenoy with 
Negative rhase Shift 

Signal Frequency Wl^ 
Positive Phase Shift 

Double Signal 
Frequency 

Reinserted Carrier 

Double Original 
Carrier Frequency 

Double Reinserted 
Carrier Frequency 

Upper Sideband 
lower Sideband 

Double Upper side- 
band Frequency 

Double Lower Wide- 
band Frequency 

Reinserted Carrier Plus 
Upper Sideband Frequency 

Reinserted Carrier Tlus 
Lower Sideband Frequency 



Note that components (2) and (3) may be combined 



dj, CE c ^ Crv ^ <Ura u>* t. 



which Is equal to signal component of Case I, but 
multiplied by oos ©, which for 6^0, will reduce the 

value of this component. 
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Caae IV. Detection of A.M* with carrier suppressed 
at transmitter and not reinserted. 



f * s nr *** ^ u m ^ <4)^ 




Components 



.r i p . 



0) 

w 

0) 

ft) 



- ••y — 



(5; i)/- 

(t) ^^^r,i(^tu> t ) t 

( 7 ) &>» 



-- D. C. Component 
-- Double Signal Frequency 

-- Double Carrier Frequency 

— Upper Sideband 

— Lower Sideband 

-- Double Upper Sideband 
Frequency 

— Double Lower sideband 
Frequency 
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Case V. Detection of SSSC with no carrier reinsertion 






•LH 

4 



C^+LVj )t 



cL,e 0 + a L ei 




a, E c ^ 













CL^Et ^ * 

^ 4 C<^t 



Component* of l p : 



(0 

( 3 ) 



f 

«. £ C M 

* *•“*)<- 
a 1 6< ai* 



D.C. Component 

Upper Sideband Frequency 
Lower Sideband Frequency 



No aignal frequency component la preaent, thua 
detection la not possible. 
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~ °-l C t-r+ +■ A< Ce-3 (w t y- f- 

+ ft i. C ^ ^1 £»» u> c t CnCLu c i-u> 3 )f. 





q.,C£<_l v l 



^ 6Q W j i 



t s c t «-■ jp — ■ 

+ <.!.“>< ■*•“>,)* £*-• t**>c.* 

* - -r^ ‘-‘K+^Jt 



Component! of lpj 

« ^ -it - 

^/C d-r-3 CC» c £ 

M- - 
W *’p C 



D.C. Component 

Signal Prequenoy 

Carrier Prequenoy 

Double Carrier Frequency 

Upper Sideband Frequency 

Double Upper Sideband 
Frequency 

Double Carrier Plue 
Signal Frequency 
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Case VII. Detection of SSSC with carrier reinserted 
at receiver at a frequency of (® Q «■ A). 









V- a /fcJ ^{c^^c^tr 

; - /a.. C 4 . *»A?>t\ . ^CEtM ^ 

V li ♦- y a: — 



^.e^a 

fr 



d<ra A.(u^ c f-u^£ 



Corponents of ipt 

W l< ~i *" ^ ‘Vs £ W c -4)t 

(3) < ‘iC4«(w t +4)f 
69) <i« fc 

@0 

(t) 

(7) ^ 



D.C. Component 



— Signs! Frequency Minus A 



— Felnserted Carrier 
Frequency 

-- Double Reinserted 
Carrier Frequency 

— Upper Sideband Frequency 

uble Upper sideband 
equency 

— Upper Sideband Plus 
Reinserted Carrier Freq. 




Appendix III 
Page 11 




APPENDIX IV 



DERIVATION OP AUDIO-FREQUENCY COMPONENTS 
RESULTING PROM DETECTION, BY ENVELOPE ANALYSIS 

METHOD 

Case I. Detection of normal A.M. 

Note: In this method of solution, only audio 
frequency components are significant. 

S * *1 »o * a 2*o 

For the envelope only, 

p 

i = a^e ♦ a 2 e , where e la the envelope voltage. 

Por the upper envelope, e„ = ♦ E 0 (l ♦ M oos m 8 t), 

Por the lower envelope, e. = - E c (l ♦ M cos 

Then 

^ ^ e c (l -f-f* J L+-9. 

= - A, £ c (if ♦ &rw ‘Oj'*) ^ ^ ^ 

^ - ^7 = + 
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Audio Frequency Components t 

(1) ooa m B t — Signal Frequenoy 

(2) 1/2 eoE^M 2 oos 2® 8 t — Double Signal Frequency 

llote that the ratio of the above components 
Is M/4, which was the seme value obtained In Appendix 
ITI, Case I, thus this Is seen, by example, to be a 
satisfactory method for determining the relative 
magnitudes of audio frequency components resulting 
from detection. 
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Case II* Linear Detection of Normal A.M. 

3ti« * k, 
r * 





Por the envelope, 1 = ke, where 
e^ a ♦ B 0 (l * H ooe mat) 
e^ b - E e (l ♦ U oos ® fl t) 

Then 

1 + B k^E 0 (l ♦ M COB ® 8 t) 

t m B-k^ e (l ♦ ■ oos ® g fc) and 

i a B 0 /2 - kg)(l ♦ M cos ® 8 t) 

The only audio frequency component ia 

B 0 N/2 (k^ - kg) cos ® 8 t — Signal Frequency. 
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APPENDIX V, Hetrodyne Detection Analysis 

(Prom "Theory and Applications of Electron 

-- H, j, Reich,) 



5-14. Ideal Linear Diode Detection of the Sum of Two Volt- 
ages of Different Frequencies. 'If ■ In • u* <h •.!. •!> . mh.i ] - 



1 j... 11 U« "WO *m ’ » \» - . w . . - ' • | u «i u< . ■ • l *. i . . I t’r* *• 1 1 1« - > i \ 

r O'.. 

unequal frequent y In mi.ily/r tin- pron-- it i- net e— ary fir>t 
to >t ndy t In' form of the r< militant wave pro. lured l>y t In * add it ion 
of two -ine wa\e- Figure .V| I -lm\\> the UMiltant of two -iue 
Wiivc" of f'fpial amplitude and .*> to 4 I n qu» in y rat in. By adding 
wave** that have hot I. unequal frequency and unequal amplitude, 
the reader may >ho\v that, in general. t he resultant of two >ine 
wave* <»f >omewhat ditTerent lr f, qm nev re-rmhh - an amplitude- 
modulated wave. D * I i tT • r - lrom - nh a wa\e in that the points 
at whieh the resultant ero--i - the a\i^ are not equally spared, 
indicating additional phnx* uiodul.it nm. 

The form of tin* envelo|>e of the resultant wave and the matitn'r 
in which the pha>e varies with time ran hr determined analyti- 
cally. Ix*t the two impro'X’d voltages lx? ri = E\ cos aq/ and 
*5 = Et eos The resultant voltage is 



xiinettiio ' ' to p j oi i > i < • a dill, i • i . e 1 1 . qiit n< \ ^ t In n~i of 

the -limih .. neoii" applna'iou <• 1 w o -mo-on Id \n|tau« " of 




r = E i COS (jj\t + Ei eos u>i / 

= E j eos w,/ Ei eos [oq/ — (<*q — 
> Hoder, Hans, Vtoc , /. H . fc\, 20. 1046 (1932). 
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I v ;<» iir i < nil' 

la' I I'ttu 

/ :» :\7 
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t 4 f, 


« .v:ts 
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vC I 






1 111 






(Vdo 






1 h rii> ^ 


oe / 




h 


/•;. 






.V UP 













)\ • )< pp ^ t I h ‘ cninpoli'U! n| ill* applied voltauc licit ii:i - tin* 

lariicr aiuplit ud<\ then /•. , > E«. and h I 





I j,, 1 ;> t of ratio h u|kui n |»h:is<* modulation anil fM form 

of <»u\ oIo|n of t ho ro-nltant of two -jUc* uavr> of imo<|ual fmpionry. 

1 inure .V 1 .Vi **1 h i\\ *» how tin* pha-c aiude 0 \ :i ri i t hroufriiout 
« illt * cycle uf difference frequency. /, - /«. for Various values of fi 
ImM with 0 2 and 1 Win n tin* :i in p! i t u< 1« ^ are equal. h = 1, 
iM ik 1 o varies lietuecn - 1 - 00 and - 90’; si Midden reversal of phase 
take* p| a re at tin* iiMant = * A* h is decreased by 

eliaiifdng tb <v amplitude of either component. the maximum value 
of o r:i ] >i< 11 v decrease**, b< um only "lightly greater than 1 1 *» when 
h = 0 2. Figure .VI .U dio\\> how E varies throughout the 
difference-frequency cycle, for various values of h, E« being kept 
constant at unity, Comparison with the dotted curve, which 
represents cos (uu — show" that the amplitude varies at a 

fundamental frequency equal to the difference frequency but also 
contains a steady conq>ouent and harmonics of the difference 
frequency. K. B. Moullin has shown* that 

1 Mocllix, K. IV, Wirelrss Eng., 9, 37S (1932). See ulso F. M. Cole- 
brook, ICirr/r** Eng. 9, 19a (1932 . 
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Kuril ( i H'lhrini! < »i ilii^ m vu - h m it-r!t an mtiniir mth-> wliirh 
roll N iTili"' i;i|>i)||y tl h * l * ’< UMi h T illH only the tilhm irivi’M 
in lap (•*>- 1 1 1 In l it " i" ai'i’iii'al e to w it hill I per i nil r\ m w In ti 
I, - ] i'(jnatinu i>-ll pm\«- nuomudy 1 li:it eoiilnui' :i 
^tradv cnmp'Uu nl . a Ini t « l : 1 1 n « n l ; 1 1 < I i lV< l »«•« •-! iMjuriirv rom- 
poiient. am I nil hai'iuoim " “i tin dillrn iht Iniphiiry. 

Tlii- nnnly^i" dmu- that thr resultant of two -i in wn\r> of 
ilitTrn til livipirnrir^ h < «|iii\ nlml h> :» "n\r nn I n * Imjiimry 

! lint of iln- component • *1 I » i u I n r ninplil inlf and wIiu-m* ampli- 
1 1 it 1< ami plijiM* an* modulated '■>iinulianroii>ly. IIm* < is^Mnl 
\ with wliirh thr amplitude »»l ihi" <*«(iii\ :il<*nl wnvr K 

modulated roti-M* of thr fundam» nt :il dilTnvnrr frnpimry and 
nil it> hnrutnnii’>. I hr plia^e niinliilal mn. thr I nm I 21 iimiil nl 
frripirnry ut wliirh h a No eijual to t hr dilTrfrner I reip|rlir\ , Ilia) 
Ik* iiiadr n- -mall a- dr-irrd l»y making h -mall. Tinh r t In* 
n^-umpt inn *ha* I* N 11*1 II enough mi i h :i i tin pin-* modulation 
N licgliisililr. thr Mini «.f thr two -tin* W 'i\T' i- equivalent In nn 
amplilti lr*ii|iw|i|l:ilr«| w;i\r r..* in which Ml N given h.V 

I-:,,. (5-411. In arrordanre with tin* principle r\|»l:iinnl in See. 
5 l!>, t hr npplieal ion of 1 hi ^ Volt age to a linear • I i« m I t • ilrtrrtor w ill 
rr-^ult in nn output \n|laur <*1 1 In* hum l)h\f(tK where D \> thr 
detection ellirirliry given l»y thr curve- of Hg. u-IJ. 

An examination of thr rorHirirnt- «»l Hp *>-41 >hmvs that thr 
ratio of thr amplitude of the nth hannonir to the amplitude of the 
fundamental difference-frequency output of the drtrrtor i- 
roughly projH»rt ional to /i*‘ *.* 1 herefore the hariinmir eonteiit 

may in* made a> small as dr-ired hv making the amplitude of one 

1 Tin* exactness of this proportionality mcmuM* rapidly u.s h becomes 
smaller. 
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, , ' til 1 In Hi' il 1 1 , j< I l 't ' 1 1 :ili t hr til her l In ; 1 1 1 1 1 > li - 

i, in ! i in l.i ii m ut . 1 1 < > >• 1 1 • it m ni t ]i it t (<u < mi put \ nl I iiuv i" 

I 'titM I I. /' /M^l j 1 - > 

\v h ■ It •« *| v;hn I . llil" ; i p p i < *; i < In - tie* 1 1 1 1 1 1 1 1 1 1 ^ \;ni|i' 

i mni / ^ /■;,/>// /•;,./> c>-i:< 

Tlii-* - 1 io\\ v 1 1 1 : u . il tint* input h euiMdernhly hirj* r 1 1 1 : i n 

i In- ni lit r. 1 1 n ;i m pi 1 1 mlr nl tin him lament ;« I dilTerem e-| ret jm-iiry 
rumpnnriil til linear diode detreior output depend* only upon 
tin* amplitude n| tlif >maller input \ollam\ l Thi* i" nl impnr- 
t :i 1 1« « - in tin- dt-dcm til > u pt ■ r I h * 1 1 * ft k I y n t ' radio rrrei\tr* and 
heterodyne n>rillat nr> ->(•(• pa"f ^.“>1 ). 

5-15. Effect of Curvature of Diode Characteristic. Ktpinlintis 
.V 2 !t Mini .V.hh hold only Ini linear eharartrri>lir>. If the 
ilindr rli:ir:»ei eri>t ie i- m»t linear, 1 lie \\ :t \e of plate nirrenl i" not 
an e\ael replita ni tin upper 1 1 * i ! 1 tif t lie applied mntlulated volt- 
am*. 'Tin** lari -imut vi> that iheniiipul etmiaiii> harmonies ni 
ihe "ii^nal \ nl t a tit In general, the relation between total 

1 1 1 - 1 ant aiiet « lit m I f plate eiirrent and plate vnltatfe may he 
i Apre^M'tl in term*' * *f a M*rie< 
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APPENDIX VI . Construction of a SSSC Adaptor 



The adaptor, whose construction is to be described, 
was designed by the General Electric Company. 2 It was 
designed to be used with a good quality communications 
receiver, making possible the reception of SSSC transmissions, 
the reception of only one. sideband (either) of an A.M. 
transmission, the reception of narrow-band FM transmissions, 
and the reception of PM transmissions. 

As may be seen from the circuit diagram, this adaptor 
follows the phasing method of sideband separation, together 
with reinserted (or exalted) carrier and reactance-tube 
lock-in circuit. A type 6AK6 tube is employed to provide 
proper impedance match between the adaptor and the receiver 
I.F. output. An audio stage and a volt age -regulated, 
highly filtered power supply complete the circuit. Positions 
1 and 2 of Switch ABC permit reception on either upper or 
lower sideband. Position 3 permits reception of both side- 
bands with the local oscillator giving exalted carrier re- 
ception. Position U is for normal reception. 

The physical lay-out of the components closely followed 
the circuit diagram arrangement. The 6AK6, with it's 
associated components was mounted in a small shield can, 
and located in the receiver chasis. The small filament 
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Circuit Diogram of SSB Adaptor 



current for this tube was easily supplied by the receiver 
power supply. 

Of the components, it should be mentioned that all 
resistors in the audio phase -shift networks vrere of the 
1 %, low-drift type so that accurate phase-shift could be 
maintained without continual alignment. 

The alignment procedure was somewhat complicated. 

After connecting the adaptor to the receiver (a Hallicrafter 
S-UOA was used), it was first necessary to adjust the trimmer 
of the final I.F. transformer to compensate for the additional 
capacitance introduced by the 6AK6 stage. Next, adjustment 
of C36 gave maximum input into the adaptor. In the adaptor 
constructed, adjustment of was also necessary. The 
coupling of I>2, which was a conventional I.F. transformer, 
had to be increased to that the local oscillator voltages 
into the two demodulator tubes were equal. Adjustment of 
the condensers across primary and secondary windings of L2 
was required to obtain accurately, the 90° phase-shift between 
the two demodulators. An oscilloscope, with horizontal 
and vertical inputs connected to the two demodulators, 
served as indicator for this phase aligning. When a perfect 
circle was obtained, the phasing was correct. 
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The final stage of alignment was the alignment of the two 
audio phase-shift networks. Again, the use of an oscilloscope 
served as the indicator. Sach triode section of the 6SN7's 
with it's component parts was adjusted separately. The 
frequencies shown on the circuit diagram were those for which 
the respective elements would give 90° phase-shift. The 
adjustable elements were the indicated trimmer condensers 
and the adjustable resistance, Rj^q. After each element was 
correctly adjusted, the two systems were checked as a whole, 
over a frequency range of 280 cps to 6000 cps. As was 
mentioned before, the use of very stable resistors in the 
phase-shift networks is essential if this alignment procedure 
is not to be repeated at frequent intervals. 

Results were, in general, very good. Attenuation of 
the undesirable sideband was 35 db below the desired one 
in reception of an AM transmission. SSSC reception was 
readily accomplished, but not with the ease that had been 
anticipated. Probably, the development of a certain degree 
of skill in the use of this adaptor is necessary to obtain 
optimum results. The only disappointing feature was the 
operation of the reactance tube in locking-in the local 
oscillator to the carrier frequency. A comparatively large 
carrier input was necessary to dbtain satisfactory results. 
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The local carrier would not quickly synchronize even on 
A.M. transmissions, if the incoming signal strength was 
rather weak. This was far short of the desired results of 
locking on a carrier 20 db below the sideband strength. 

It is probable that a better physical layout of the reactance 
tube stage to reduce stray capacitance would improve perform- 
ance. 

The effectiveness of SS reception of AM in reducing 
interference was quickly appreciated, particularly on 
communications channels. In several cases, signals were 
made understandable by use of only one sideband, where they 
had been entirely unintelligible, because of interference, 
when both sidebands were being detected. 

"While certain elements need additional refining, it 
is believed that the use of this type of an adaptor, even 
for reception of AM, is highly desirable for communications 
work. The advantages resulting from use on communications 
channels are not readily apparent on broadcast reception, 
because the types of interference are not the same for the 
two channels. 



Appendix VI 
Page 5 



2? a 



Thesis 13112 

N37 Neman 

Single sideband, sup- 
pressed carrier radio 
communication . 



f 



Thesis 

N37 



Neman 



13112 



Singl© sideband, sup- 
pressed carrier radio 

communication . 



